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(54) Method of joining a member of soft magnetic material to a member of hardned material using 
a brazing technique 



(57) A method of joining a magnetic armature (18) 
of an electromagnetic actuator to a shaft (20) is pro- 
vided. The armature (18) has an aperture (26) therein. 
The method includes inserting a portion of the shaft (20) 
into the aperture (26) thereby defining a space between 
the shaft (20) and the armature (18). Brazing material is 
placed adjacent to the aperture (26). The brazing mate- 
rial is caused to melt and wick into the space. The braz- 
ing material is permitted to cool to define a joint 
between the shaft (20) and the armature (18). 
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Description 

[0001] This Patent Application claims priority to U.S. 
Provisional Patent Application No. 60/067.984. filed 
December 9, 1997. the contents of which is hereby s 
incorporated by reference in its entirety herein. 

FIELD OF THE INVENTION 

[0002] This invention relates to joining a member of 
soft magnetic material to a member of hardened mate- 
rial and. more particularly, to joining an annealed mag- 
netic armature of an electromagnetic actuator with a 
hardened shaft using a brazing technique. 

BACKGROUND OF THE INVENTION 



ator is provided. The armature assembly includes an 
armature composed of a magnetic material. The arma- 
ture has an aperture therein. A shaft has a portion dis- 
posed in the aperture. A brazing material is disposed 
between the portion of the shaft and the armature join- 
ing the shaft to the armature. 

[0008] Other objects, features and characteristics of 
the present invention, as well as the methods of opera- 
tion and the functions of the related elements of the 
structure, the combination of parts and economics of 
manufacture will become more apparent upon consider- 
ation of the following detailed description and appended 
claims with reference to the accompanying drawings, all 
of which form a part of this specification. 

BRIEF DESCRIPTION OF THE DRAWINGS 
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[0003] In an electromagnetic device, such as an elec- 
tromagnetic actuator of an electronic valve timing sys- 
tem for a motor vehicle, it is often necessary to join a 20 
"soft" magnetic material and a hardened, non-magnetic 
or magnetic material. Typically, the sort magnetic mate- 
rial is in the form of an armature and is annealed to 
remove most internal stresses and any carbon which 
may be within the material. The annealing process 25 
accounts for consistent magnetic and mechanical per- 
formance characteristics of the magnetic circuit compo- 
nents. In an actuator, the hardened material is in the 
form of a shaft. 

[0004] One approach to joining the shaft to the arma- 30 
ture is to physically deform the armature to engage a 
feature in the shaft However, this approach may involve 
significant tooling costs in order to perform the deform- 
ing operation. Further, a deforming operation is not a 
batch type process and this, it may take a significant 36 
amount of time to join a plurality of shafts and arma- 
tures, since generally only one shaft-armature connec- 
tion can be done at a time. 

[0005] Accordingly, there is a need to join a soft mag- 
netic material to a hardened material with low tooling 40 
costs and in a batch-type process. 

SUMMARY OF THE INVENTION 

[0006] An object of the present invention is to fulfill the 45 
need referred to above. In accordance with the princi- 
ples of the present invention, this objective is obtained 
by providing a method of joining a magnetic armature of 
an electromagnetic actuator to a shaft The armature 
has an aperture therein. The method includes inserting so 
a portion of the hardened shaft into the aperture thereby 
defining a space between the shaft and the armature. 
Brazing material is placed adjacent to the aperture. The 
brazing material is caused to melt and wick into the 
space. The brazing material is permitted to cool to 55 
define a joint between the shaft and the armature. 
[0007] In accordance with another aspect of the inven- 
tion, an armature assembly for an electromagnetic actu- 



[0009] 

FIG. 1 is a sectional view of an electromagnetic 
actuator having an annealed armature and a hard- 
ened shaft joined by a method provided in accord- 
ance with the principles of the present invention; 

FIG. 2 is an enlarged view partially in section of an 
armature assembly wherein a shaft is arranged with 
an armature prior to a brazing operation of the 
invention; 

FIG. 3 is an enlarged view of the armature assem- 
bly of FIG. 2, shown after performing the method of 
the invention; and 

FIG. 4 is an enlarged view of the armature assem- 
bly of a second embodiment of the invention. 

DETAILED DESCRIPTION OF THE INVENTION 

[001 0] Referring to FIG. 1 , an electromagnetic actua- 
tor is shown, generally indicated 10, having an arma- 
ture-shaft connection provided in accordance with the 
principles of the present invention. The electromagnetic 
actuator 10 includes a housing structure 12 containing a 
first electromagnet 14 and a second electromagnet 16, 
which is disposed generally in opposing relation to the 
first electromagnet 16. An armature 18 is arranged for 
movement between the electromagnets 14 and 16. The 
armature is carried by a shaft 20. The shaft 20 is cou- 
pled to a stem of a gas exchange valve (not shown) in 
the conventional manner. 

[001 1 ] In accordance with the principles of the present 
invention and with reference to FIGS. 2 and 3, the arma- 
ture 1 8 is in the form of a plate having opposing first and 
second generally planar surfaces 22. and 24. respec- 
tively. An aperture 26 is provided in the armature 18 
along the axis 29 of the armature 1 8. The aperture 26 is 
sized to receive a portion of the shaft 20. The armature 
18 is composed of a soft magnetic material such as. for 
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example, silicon iron, cobalt iron and nickel iron. Other 
soft magnetic material may also be employed. The 
armature 18 has been annealed to provide optimum 
magnetic properties. 

[0012] Hie shaft 20 is composed of hardened mate- 
rial, preferably an air hardened steel having a hardness 
generally greater than 52 HRC. Examples of materials 
which may be used for the shaft 20 are: stainless Type 
440C steel, Type H13 steel, and Type A2 steel. Other 
materials, such as 300 series stainless steel or the like 
may also be employed for the shaft 20. The shaft 20 is 
generally cylindrical and in the illustrated embodiment 
has a head 28 at an end thereof sized to be placed into 
the aperture 26 of the armature 18. In the illustrated 
embodiment, the head 28 is tapered as is the aperture 
to prevent the shaft 20 from falling-out of the armature 
18 in one direction. FIG. 4 shows another embodiment 
of a shaft 20' and armature 18'. As shown, the straight 
shaft 20' may extend through the armature 18 and may 
be joined by the brazing method as described below. 
[0013] To join two components comprising dissimilar 
metals such as the shaft 20 and armature 18 is, in gen- 
eral, a difficult process because techniques and materi- 
als suitable for one metal are frequently unsuitable for 
the other. The inventors have found that a brazing proc- 
ess may be used to form a reliable joint between the 
shaft and armature. 

[0014] The method of joining the shaft 20 to the arma- 
ture 1 8 will be appreciated with reference to FIGS. 2 and 
3. First the end of the shaft 20 having the head 28 is 
inserted into the aperture 26 of the armature 18 thereby 
defining a small space between the armature 18 and 
the shaft 20. The brazing compound, which in the illus- 
trated embodiment is a copper ring 30, is placed around 
the shaft 20 and against surface 22 of the armature 18 
so as to be adjacent the aperture 26. It is preferred that 
the brazing material be copper or a copper alloy. The 
assembly is then placed in a furnace moved slowly 
therethrough. The furnace is set at a temperature 
slightly above the melting point of the brazing material. 
In the embodiment, since copper is used as the brazing 
material, the furnace temperature is set to approxi- 
mately 2000 degrees F. The armature 1 8, shaft 20, and 
copper ring are thus heated to 2000 degrees F and the 
copper ring 30 melts and wicks into the space between 
the shaft 20 and the armature 18. The parts are then 
cooled defining a joint 30* (FIG. 3) between the arma- 
ture 18 and shaft 20 and thus defining an armature 
assembly, generally indicated at 32 in FIG. 3. To speed 
cooling in order to substantially maintain the hardness 
of the shaft 20, the parts may be cooled by forced con- 
vection. 

[001 5] After the shaft 20 has been exposed to the high 
temperature and then cooled, the shaft 20 is hardened 
and thus has a hardness substantially greater than the 
hardness of the armature 18. In the illustrated embodi- 
ment, machining operations are then performed to meet 
tolerances required by the electromagnetic actuator 10. 



As shown, the head 28 of the shaft 20 is removed and 
surfaces 22 and 24 of the armature are ground to main- 
tain parallelism. Thus, the end 34 of the shaft 20 is gen- 
erally flush with planar surface 24. If necessary, the 
5 shaft may be machined as well. Further, the process of 
the invention may be done in batches to increase pro- 
duction. 

[0016] It has thus been seen that the objects of this 
invention have been fully and effectively accomplished. 

10 It will be realized, however, that the foregoing preferred 
embodiments have been shown and described for the 
purposes of illustrating the structural and functional 
principles of the present invention, as well as illustrating 
the methods of employing the preferred embodiments, 

15 and are subject to change without departing from such 
principles. Therefore, this invention includes all modifi- 
cations encompassed within the spirit of the following 
claims. 

20 Claims 

1 . A method of joining a member of annealed mag- 
netic material to a hardened member, the member 
of magnetic material having an aperture therein, 

25 the method comprising: 

inserting a portion of the hardened member 
into said aperture thereby defining a space 
between said hardened member and the mem- 
so ber of magnetic material; 

placing a brazing material adjacent said aper- 
ture; 

35 . v causing said brazing material to melt and wick 
into said space; and 

cooling said brazing material to define a joint 
between said hardened member and said 
40 member of magnetic material. 

2. The method according to claim 1. wherein said 
hardened member is a shaft and said member of 
magnetic material is in the form of a plate having 

45 first and second generally planar surfaces disposed 
in opposing relation, said brazing material being in 
the form of a ring, and wherein placing the brazing 
material includes placing said ring over said shaft 
so as to contact one of said planar surfaces. 

50 

3. The method according to claim 1, wherein said 
magnetic material includes one of silicon iron, 
cobalt iron and nickel iron. 

55 4. The method according to claim 2, wherein said 
shaft is made from steel. 

5. The method according to claim 1, wherein said 
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brazing material includes copper. 

6. The method according to claim 2 further including 
machining said planar surfaces so as to be sub- 
stantially parallel. 5 

7. The method according to claim 2. wherein steel 
shaft has a head at one end thereof, the method 
including removing said head after said brazing 
step such that an end of said shaft is generally flush w 
with one of said planar surfaces of said armature. 



8. The method according to claim 1, wherein said 
hardened member extends through said aperture. 

is 

9. The method according to claim 1, wherein said 
hardened member, said member of magnetic mate- 
rial and said brazing member are placed into a fur- 
nace and exposed to a temperature to melt said 
brazing material; said hardened member, 6aid 20 
member of magnetic material and said brazing 
material are cooled in such a manner to substan- 
tially maintain the hardness of said hardened mem- 
ber. 

25 

1 0. A method of joining a magnetic armature of an elec- 
tromagnetic actuator to a shaft, the armature hav- 
ing an aperture therein, the method comprising: 



14. The method according to claim 10. wherein said 
brazing material is copper. 

15. The method according to claim 10. wherein said 
shaft extends through said aperture. 

16. The method according to claim 10, wherein shaft 
has a head at one end thereof, the method Includ- 
ing removing said head after said brazing step such 
that an end of said shaft is generally flush with one 
of said planar surfaces of said armature. 

17. The method according to claim 10. wherein said 
shaft, said armature and said brazing member are 
placed into a furnace and exposed to a temperature 
to melt said brazing material; said shaft, said arma- 
ture and said brazing material are cooled in such a 
manner to substantially maintain the hardness of 
said shaft. 

18. An armature assembly for an electromagnetic actu- 
ator, the armature assembly comprising: 

an armature composed of a magnetic material, 
the armature having an aperture therein; 

a shaft having a portion disposed in said aper- 
ture; and 



inserting a portion of the shaft into said aper- 30 
ture thereby defining a space between said 
shaft and said armature; 

placing a brazing material adjacent said aper- 
ture; 35 

causing said brazing material to melt and wick 
into said space; and 

permitting said brazing material to cool to 40 
define a joint between said shaft and said 
armature. 

11. The method according to claim 10, wherein said 
armature is in the form of a plate having first and 45 
second generally planar surfaces disposed in 
opposing relation, said brazing materia! being in the 
form of a ring, and wherein placing the brazing 
material includes placing said ring over said shaft 

so as to contact one of said planar surfaces. so 

12. The method according to claim 10, wherein said 
magnetic armature includes one of silicon iron, 
cobalt iron and nickel iron. 

66 

13. The method according to claim 10, wherein said 
shaft is made from steel. 



a brazing material between said portion of said 
shaft and said armature joining said shaft to 
said armature. 

19. The armature assembly according to claim 16. 
wherein said armature is in the form of a plate hav- 
ing first and second generally planar: surfaces dis- 
posed in opposing relation. 

2a The armature assembly according to claim 18, 
wherein said armature includes one of silicon iron, 
cobalt iron, and nickel iron. 

21. The armature assembly according to claim 18, 
wherein said shaft made from steel. 

22. The armature assembly according to claim 21, 
wherein said steel is a hardenable steel. 

23. The armature assembly according to claim 18, 
wherein said brazing material includes copper. 

24. The armature assembly according to claim 18. 
wherein said shaft extends through said aperture. 
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